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In addition to this paper you will require:
! a calculator;
! a pencil and a ruler.

Time allowed: 1 hour 15 minutes

Instructions
! Use blue or black ink or ball-point pen. 
! Fill in the boxes at the top of this page. 
! Answer all questions in the spaces provided.  All working must be shown.
! Do all rough work in this book.  Cross through any work you do not want

marked. 

Information
! The maximum mark for this paper is 40. 
! Mark allocations are shown in brackets. 
! The paper carries 10% of the total marks for Physics Advanced.
! A Data Sheet is provided on pages 3 and 4.  You may wish to detach this

perforated sheet at the start of the examination.  
! You are expected to use a calculator where appropriate.
! In questions requiring description and explanation you will be assessed on

your ability to use an appropriate form and style of writing, to organise
relevant information clearly and coherently, and to use specialist vocabulary
where appropriate.  The degree of legibility of your handwriting and the level
of accuracy of your spelling, punctuation and grammar will also be taken into
account.
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Data Sheet

! A perforated Data Sheet is provided as pages 3 and 4 of this question 
paper.

! This sheet may be useful for answering some of the questions in the 
examination.

! You may wish to detach this sheet before you begin work.
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SECTION  A:  NUCLEAR  INSTABILITY

Answer all parts of the question.

1 (a) Sketch, using the axes provided, a graph of neutron number, N, against proton number, Z, for
stable nuclei over the range Z = 0 to Z = 80.  Show suitable numerical values on the N axis.

(2 marks)

(b) On the graph indicate, for each of the following, a possible position of a nuclide that may 
decay by 

(i) α emission, labelling the position with W,

(ii) β � emission, labelling the position with X,

(iii) β+ emission, labelling the position with Y.
(3 marks)
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(c) The isotope     Rn decays sequentially by emitting α particles and β � particles, eventually 
forming the isotope      Pb.  Four α particles are emitted in the sequence.

Calculate the number of β � particles in the sequence. 

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................
(2 marks)

(d) A particular nuclide is described as proton-rich.  Discuss two ways in which the nuclide may
decay. 

You may be awarded marks for the quality of written communication in your answer.

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................
(3 marks)
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SECTION  B:  ASTROPHYSICS

Answer all questions.

2 A converging lens can be used to produce both a magnified real image and a magnified virtual image
of an object.

(a) Draw ray diagrams to show how each image is formed.  Label the principal foci of the lens in
each case.

(4 marks)
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(b) Calculate the object distance required to produce a magnified image 0.25 m from a lens 
of power +10 D when the image is

(i) real,

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

(ii) virtual.

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................
(4 marks)
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3 (a) The table summarises the properties of five of the stars in the constellation of Cassiopeia.

Explaining your answer in each case, state which star

(i) is the hottest,

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

(ii) is likely to appear orange in colour,

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

(iii) appears the brightest from Earth,

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

(iv) is less than 10 pc away from the Earth.

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................
(4 marks)
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name absolute
magnitude

apparent
magnitude

spectral class

Achird 4.6 3.5 G

Chaph 1.9 2.3 F

Ruchbah 0.24 2.7 A

Segin �2.4 3.4 B

Shedir �0.9 2.2 K



(b) The constellation Cassiopeia contains another star with an apparent magnitude of 2.2, absolute
magnitude of � 4.6 and a surface temperature of 12 000 K.  Calculate, for this star,

(i) its distance from the Earth,

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

(ii) the peak wavelength in its black body radiation curve.

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................
(3 marks)
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4 The red shift of a galaxy�s spectrum can be used to determine its velocity, relative to the Earth.

(a) The wavelength of the hydrogen alpha line in the spectrum of the galaxy NGC 1357 is
660.86 nm.  The wavelength of the same line from a laboratory based source is 656.28 nm.
Calculate the velocity of galaxy NGC 1357.

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................
(2 marks)

(b) Use the value obtained in part (a) to complete the table.  Plot a graph of the data in the table
below and use the graph to determine a value for the Hubble constant. 

galaxy velocity/km s�1 distance/Mpc

NGC 1357 28
NGC 1832 2000 31
NGC 5548 5270 67
NGC 7469 4470 65
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.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................
(3 marks)
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5 (a) Describe what is meant by an Airy disc and explain its significance in determining the resolving
power of a telescope.

You may be awarded marks for the quality of written communication in your answer.

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................
(3 marks)

(b) The Arecibo telescope is the largest radio telescope in the world.  It can be used to investigate
distant galaxies by detecting the 1.4 GHz radio signal produced by molecular hydrogen.

(i) When the telescope was being built, any surface irregularities had to be less than 0.01 m
in order for it to detect the molecular hydrogen signal.  Verify this value using an
appropriate calculation.

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................

(ii) The diameter of the Arecibo telescope is 305 m.  Calculate its resolving power when
detecting the molecular hydrogen signal.

...............................................................................................................................................

...............................................................................................................................................

...............................................................................................................................................
(3 marks)
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(c) Describe a problem associated with spherical reflecting telescopes and state how telescopes are
designed to prevent it.

.........................................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................
(2 marks)
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END  OF QUESTIONS
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